Measurements of the microwave field transmitted through a random medium allows direct access to the field correlation function, whose complex square is the short range or C 1 contribution to the intensity correlation function C.
The random phasing of multiply-scattered partial waves in disordered media leads to intensity fluctuations whose short-range spatial correlation is determined by the square of the field correlation function. This field-factorization term is the leading or C 1 contribution to the cumulant intensity correlation function C = δIδI
Here δI is the fluctuation of the intensity I from its ensemble average value δI = I − I , E is the electromagnetic field, and . . . represents the ensemble average. This approximation gives the well-known Gaussian statistics of the field [1, 2] and the negative exponential distribution of the intensity [3] [4] [5] . The intensity correlation length δx sets the scale of the speckle spots, while the correlation frequency δν represents the inverse of the spread in transit time between the source and the point of observation. Recent advances in speckle statistics have shown however that fluctuations in intensity [5] [6] [7] [8] , total transmission [9] [10] [11] [12] [13] [14] [15] and conductance [16] [17] [18] [19] [20] are enhanced beyond the predictions of gaussian statistics, as a result of long and infinite-range intensity correlations, the C 2 and C 3 contributions to the intensity correlation function, respectively.
In this letter, we present observations of the field correlation function EE ′ * in the spectral and spatial domains in measurements of the microwave field transmitted through random media. We relate these to their corresponding Fourier pairs, the time of flight distribution of photons and the specific intensity, which gives the angular distribution of the intensity in the far field. The direct measurement of the C 1 contribution makes it possible to consider the difference C − C 1 , which includes only terms beyond the field factorization approximation responsible for enhanced fluctuations of transmission quantities. The longrange, or C 2 contribution to the intensity correlation function was found in the past from measurements of the correlation function of total transmission [12, 13] or from fitting the measured intensity correlation function using an assumed functional form of C 1 and C 2 [21] .
It can now be directly separated from the intensity correlation function by subtracting C 1 from C. Theoretical expressions for C 1 and C 2 in the frequency domain including absorption and boundary conditions are in good agreement with experiments.
In order to eliminate instrumental distortions of field and intensity spectra, we normalize the field by the square root of the average intensity and the intensity by its average value at each frequency and position. This allows us to focus upon the relative degree of correlation and upon its functional form. We will henceforth denote the normalized intensity I/ I
by I, so that I = 1, and the normalized field E/ I 1/2 by E. The cumulant correlation function of the normalized intensity will now be denoted by C. The normalized intensity cumulant correlation function is the sum of three terms [22, 23, 10, 11] :
The C 1 term is unity for frequency shift ∆ν = 0 and displacement ∆x = 0. The spectral field correlation function for a plane wave incident upon a slab or upon a quasi-one-dimensional sample is given by [24] [25] [26] [27] 
where L is the sample length, L ′ = L + 2z b is the effective length corrected for internal
is the extrapolation length [28, 29] , R is the reflection coefficient at the boundary, ℓ is the transport mean free path, α = 1/L a is the inverse of the absorption length L a = √ Dτ a , D is the diffusion constant, τ a is the absorption time, a = 5ℓ/3 is the randomization distance from the plane in which the intensity extrapolates to zero,
and β = ∆ν/D. The C 2 term is of order 1/g at ∆ν = 0 and ∆x = 0. The expression for the C 2 contribution including absorption is given by [30, 31] 
where g is the ensemble averaged dimensionless conductance in the presence of absorption.This expression does not include internal reflection. The complete expression for C 2 including internal reflection is detailed in the Appendix. The C 3 contribution is responsible for universal conductance fluctuations measured in electronic systems [16] [17] [18] [19] . It has been recently observed in optics in time correlation experiments [32] and in microwave measurements of spectral correlations of total transmission [33] . This contribution is of order 1/g 2 and is more strongly suppressed by absorption than the C 2 term [8] and will therefore not be considered here.
The system studied here is composed of randomly positioned In previous optical studies, [24] , only the intensity was measured. Its correlation function with frequency was shown to be the square of the Fourier transform of the time of flight distribution. In that case, long-range correlation was negligible and the correlation function was essentially given by C 1 .
The real and imaginary parts of the field correlation function with displacement C E (∆x) = E(x, ν)E * (x + ∆x, ν) averaged over sample configuration, frequency ν between 18 and 18.5 GHz and position x, are shown in Fig. 3 . By a simple symmetry argument and assuming measurements are taken not too close to the reflecting wall,
Thus the imaginary part of the spatial correlation function is expected to vanish, in contrast to the frequency correlation function of the field which has a non-zero imaginary part (see Fig. 1 ). In transmission, the angular distribution of the scattered intensity is predicted to be [35] I(θ) = ∆cosθ + cos 2 θ
where ∆ = z b /l and the scattering angle θ is measured from the normal to a reference plane Σ close to the output surface. Following Ref. [35] , the 2-D Fourier transform of this expression is the 2-D spatial correlation function over Σ. When taken along a line, it reduces to (5) where k 0 is the free space k-vector. This expression gives a good fit over 30 points to the data (Fig. 3) for ∆ = 0.73 and k 0 = 3.6 cm −1 , in good agreement with the calculated value at 18 GHz of 3.8 cm −1 . This confirms that the scattered intensity angular distribution I(θ) and the spatial correlation function C E (∆x) are Fourier pairs.
Squaring the field allows a direct comparison between the intensity correlation function and the modulus square of the field correlation. The difference C−C 1 is a direct measurement of the long-range contribution to the intensity correlation function. In the frequency domain, we compare the measured intensity correlation function C(∆ν) to C 1 + C 2 given in Eqs. 2
and A1, assuming C 3 is negligible and using the value of L a , D, a and z b found from the fit to C E without additional adjustable parameters (Fig. 4) . The value C(δν = 0) = 1.13 is the variance of the normalized intensity. The difference of this from unity is a measure of mesoscopic corrections to transport. The C −C 1 contribution divided by its value at ∆ν = 0 is shown in Fig. 5 . The comparison to Eq. A1 which include z b and Eq. 3 which does not, shows the effect of internal reflection.
In conclusion, we have measured the field correlation function with frequency and space and show that they are the Fourier transform of the time of flight distribution and the specific intensity, respectively. Comparison with theoretical expressions gives the diffusion constant, absorption length, extrapolation length and mean free path. The measurement of both the field and intensity correlation functions makes possible a direct separation between short and long-range intensity correlations.
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